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ABBREVIATIONS AND ACRONYMS 

AESI  Associated Earth Sciences, Inc. 

Agreed Order Agreed Order No. 6706 executed by South Park Landfill Site 
Potentially Liable Persons and the Washington State Department 
of Ecology 

ARARs  applicable or relevant and appropriate requirements 

CAP   Cleanup Action Plan 

Ecology   Washington State Department of Ecology 

Farallon   Farallon Consulting, L.L.C. 

HDPE   high-density polyethylene 

Interim Action  a cleanup action mutually agreed upon by potentially liable 
persons for the South Park Landfill Site and King County that 
addresses the cleanup of the South Park Property Development, 
L.L.C. Property and as documented in the Interim Action Work 
Plan attached to the amended Agreed Order 

Interim Action Area  the area to which the Interim Action applies, which is a portion 
of the South Park Landfill Site and includes the approximately 
19.4-acre SPPD Property and areas contiguous with the SPPD 
Property where mixed municipal solid waste from the South Park 
Landfill operation extends beneath City of Seattle street rights-
of-way beneath 5th Avenue South, 2nd Avenue South, and South 
Sullivan Street 

Interim Action Work Plan Interim Action Work Plan, South Park Landfill Site, Seattle, 
Washington dated February 22, 2013, prepared by Farallon 
Consulting, L.L.C. 

LandGEM  U.S. Environmental Protection Agency LandGEM LFG 
Emissions Model version 3.02 

LED   light-emitting diode 

LEL   lower explosive limit 

LFG   landfill gas 

LFGCCS   landfill gas collection and control system 

MCA   monitoring and control assembly 

MMSW   mixed municipal solid waste 
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MTCA    Washington State Model Toxics Control Act Cleanup Regulation 

OMMP   Operation, Maintenance, and Monitoring Plan 

PLP  potentially liable person 

PSCAA   Puget Sound Clean Air Agency 

RI   Remedial Investigation 

RI/FS   Remedial Investigation/Feasibility Study 

RI/FS Report   Draft Final South Park Landfill Remedial Investigation/ 
Feasibility Study dated June 2014, prepared by Floyd|Snider 

scfm   standard cubic feet per minute 

South Park Landfill an approximately 39-acre area roughly bounded by South 
Kenyon Street to the north, State Route 99 and 5th Avenue South 
to the east, South Sullivan Street to the south, and Occidental 
Avenue South to the west where mixed municipal solid waste 
was deposited (and some burned) over approximately 30 years 
from 1938 to 1968 

South Park Landfill Site the “Site” per the provisions of the Washington State Model 
Toxics Control Act Cleanup Regulation, as established in 
Chapter 173-340 of the Washington Administrative Code, is 
defined as the locations where contamination caused by the 
release of hazardous substances from the South Park Landfill has 
come to be located 

SPPD South Park Property Development, L.L.C.  

SPPD Property a 19.4-acre parcel purchased by South Park Property 
Development, L.L.C. from King County in 2006 (King County 
Tax Parcel No. 3224049005) 

SSRDS   Seattle South Recycling and Disposal Station 

WAC   Washington Administrative Code 

w.c.  water column in reference to presure, e.g., 1 inch w.c.
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1.0 INTRODUCTION 

Farallon Consulting, L.L.C. (Farallon) has prepared this Engineering Design Report on behalf of 
South Park Property Development, L.L.C. (SPPD), to provide sufficient information to support 
the design of the SPPD-owned and -operated Interim Action landfill gas collection and control 
system (LFGCCS) at a portion of what is known as the South Park Landfill in the South Park 
neighborhood less than 5 miles south of downtown Seattle, Washington (Figure 1).  An interim 
action is being conducted under terms of an amendment to Agreed Order No. 6706 (Agreed 
Order) and the Washington State Model Toxics Control Act Cleanup Regulation (MTCA), as 
established in Chapter 173-340 of the Washington Administrative Code (WAC 173-340), 
specifically WAC 173-340-430 (Interim Action).  The Agreed Order amendment was executed 
by Seattle Public Utilities, SPPD, and the Washington State Department of Ecology (Ecology) 
with an effective date of June 6, 2013. 

The LFGCCS was installed between June and December 2014 and start-up commenced on 
December 17, 2014.  The LFGCCS was designed to capture landfill gas (LFG) generated by 
mixed municipal solid waste (MMSW) disposed of during the period of approximately 1938 
through the 1950s at an approximately 19.4-acre parcel within the South Park Landfill that SPPD 
purchased from King County in 2006 (King County tax parcel number 3224049005) (SPPD 
Property).  The detailed design drawings of the LFGCCS are provided in Appendix A. 

The South Park Landfill is an approximately 39-acre area roughly bounded by South Kenyon 
Street to the north, State Route 99 and 5th Avenue South to the east, South Sullivan Street to the 
south, and Occidental Avenue South to the west.  Figure 2 shows the approximate boundary of 
the South Park Landfill based on review of aerial photographs, information obtained from 
numerous subsurface investigations conducted in the area, and data collected during completion 
of the remedial investigation (RI).  Figure 2 also shows the land parcels encompassed by the 
South Park Landfill, including the SPPD Property. 

This Engineering Design Report has been prepared to meet the requirements of MTCA and 
specifically WAC 173-340-400[4][a].  This Engineering Design Report pertains to the LFG 
control component of the Interim Action, and documents the engineering concepts and design 
primary goal, objectives, and considerations used for development of construction plans and 
specifications for the LFGCCS issued for construction in July 2014 (Appendix A).  The 
LFGCCS has been constructed concurrently with redevelopment of the SPPD Property, which 
included grading and paving for tenant equipment parking and options for future build-out of 
structures to support tenant operations.  The LFGCCS is designed so as to not preclude other 
remedies that may be applied in the future on other land parcels composing the South Park 
Landfill. 
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2.0 ORGANIZATION 

The Engineering Design Report has been organized into the following sections: 

• Section 3—Site Description and Background:  Section 3 provides background 
information for the South Park Landfill Site, including a Site description, history, and 
location. 

• Section 4—Operational Goal and Design Objectives:  Section 4 provides a summary 
of the operational goal and design objectives of the LFGCCS. 

• Section 5—Site-Specific Design Considerations:  Section 5 describes the subsurface 
conditions pertaining to design of the LFGCCS and the estimated current and future LFG 
generation rate. 

• Section 6—Design Elements:  Section 6 describes the design elements of the LFGCCS, 
including LFG collectors, monitoring and control assemblies, connector piping, pipe 
mains, blowers, condensate sumps, control panels, and emissions management. 

• Section 7—Institutional Controls:  Section 7 describes the institutional controls that 
will be implemented in the form of an environmental covenant for the Interim Action 
Area. 

• Section 8—Operation and Monitoring:  Section 8 describes the operation and 
monitoring requirements following installation and start-up of the LFGCCS 

• Section 9—Schedule:  Section 9 describes the anticipated schedule and duration of the 
cleanup action. 

• Section 10—References:  Section 10 lists the documents cited in this report. 
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3.0 SITE DESCRIPTION AND BACKGROUND 

This section provides background information for the South Park Landfill Site, including the 
description, history, and location. 

3.1 DESCRIPTION 

In accordance with the provisions of MTCA, the South Park Landfill Site is defined as the 
locations where contamination caused by the release of hazardous substances from the South 
Park Landfill has come to be located.  SPPD and the City of Seattle were identified by Ecology 
as potentially liable persons (PLPs) for the South Park Landfill Site.  The Agreed Order requires 
that the PLPs conduct a remedial investigation/feasibility study (RI/FS) and prepare a draft 
Cleanup Action Plan (CAP) for the South Park Landfill Site.  Although King County also has 
been identified as a PLP for the South Park Landfill Site, King County is not a signatory to the 
Agreed Order at this time.  The Agreed Order states that the PLPs and King County “intend to 
mutually amend the [Agreed Order] … to expand the scope of work to include implementation 
of an Interim Action that meets the requirements of WAC 173-340-430.” 

3.2 HISTORY 

Farallon (2013) prepared the Interim Action Work Plan, South Park Landfill Site dated February 
22, 2013 (Interim Action Work Plan), which was approved by Ecology, and was attached to the 
amendment to the Agreed Order.  The Interim Action Work Plan provides the rationale, basis for 
design information, including environmental conditions and applicable or relevant and 
appropriate requirements (ARARs), and a general summary of the four primary components of 
the Interim Action, which are: 

• LFG control; 

• Landfill cap; 

• Surface water control; and 

• Institutional controls.  

While the effectiveness and protectiveness of the LFGCCS is dependent on these four 
components, this Engineering Design Report addresses only the component related to LFG 
control which was designed by Farallon engineers.  Other components of the Interim Action 
have been designed by others, per information in the Interim Action Work Plan, as part of the 
design of the SPPD Property re-development. 

The Draft Final South Park Landfill Remedial Investigation/Feasibility Study dated June 2014, 
prepared for the South Park Landfill Site by Floyd|Snider (2014b) (RI/FS Report) was submitted 
to Ecology on June 27, 2014.  The RI/FS was conducted per the Final Remedial 
Investigation/Feasibility Study Work Plan, South Park Landfill Site, Seattle, Washington dated 
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November 3, 2010, prepared by Farallon (2010).  The Draft Final South Park Landfill Cleanup 
Action Plan dated June 2014, prepared for the South Park Landfill Site by Floyd|Snider (2014a) 
(CAP) was submitted to Ecology on June 27, 2014.  The RI/FS Work Plan, the Interim Action 
Work Plan, the RI/FS Report, and the CAP provide additional details regarding the Site 
description and background information. 

3.3 LOCATION 

The Interim Action Area, the area to which the Interim Action applies, is a portion of the South 
Park Landfill Site and includes the approximately 19.4-acre SPPD Property and areas contiguous 
with the SPPD Property where MMSW from the South Park Landfill operation extends beneath 
City of Seattle street rights-of-way beneath 5th Avenue South, 2nd Avenue South, and South 
Sullivan Street as shown on Figure 2. 
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4.0 OPERATIONAL GOAL AND DESIGN OBJECTIVES 

This section provides a summary of the operational goal and design objectives of the LFGCCS. 

4.1 OPERATIONAL GOAL 

The operational goal of the LFGCCS is to protect human health and the environment by 
preventing: 

• LFG migration off the SPPD Property resulting in methane exceeding 5 percent by 
volume the lower explosive limit for methane (LEL); 

• LFG in buildings on the SPPD Property exceeding 1.25 percent by volume, or 25 percent 
of the LEL;  

• LFG in buildings off the SPPD Property exceeding 100 parts per million volume (0.01 
percent by volume and 0.2 percent of the LEL); and  

• LFG surface emissions that would create an explosion, fire hazard, or odors. 

4.2 DESIGN OBJECTIVES 

Design objectives for the LFGCCS include the following: 

• LFG extraction blower(s), piping, and collectors will have sufficient capacity to achieve 
LFG control and capture at the Interim Action Area; 

• LFG collectors will be designed to accommodate variable thicknesses and depths to 
MMSW and variable depths to groundwater; 

• The LFGCCS will enable drainage of condensate to sumps so that condensate does not 
impact operation of the LFGCCS, does not present adverse exposure to operators at the 
SPPD Property, and enables appropriate disposal; 

• If required by the Puget Sound Clean Air Agency (PSCAA), LFG generated within the 
Interim Action Area may be captured, filtered through pelletized granular activated 
charcoal to remove regulated hazardous constituents in air emissions, and discharged to 
the atmosphere; 

• The LFGCCS will not limit planned use of the SPPD Property, and can be constructed as 
part of redevelopment of the SPPD Property and as part of construction of other elements 
of the Interim Action; 

• Construction and operation of the LFGCCS will not preclude other remedies that may be 
applied at the South Park Landfill Site per the CAP;  
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• The LFGCCS is designed as an active system and may be operated in concert with other 

LFG control systems to be installed in the future on other properties composing the South 
Park Landfill Site per the CAP; 

• Construction and operation of the LFGCCS comply with ARARs and permitting 
requirements identified in the Interim Action Work Plan; and 

• The LFGCCS will be designed to function with a landfill cap system to enhance the 
influence of the LFGCCS, to limit surface emissions, and to limit the infiltration of 
rainfall and stormwater. 
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5.0 SITE-SPECIFIC DESIGN CONSIDERATIONS 

This section describes the subsurface conditions pertaining to design of the LFGCCS and the 
estimated current and future LFG generation rate.  The LFGCCS was designed based on design 
objectives outlined in Section 4.2, and considerations specific to the SPPD Property. 

5.1 SUBSURFACE CONDITIONS 

Subsurface conditions at the South Park Landfill are documented in previously generated reports.  
A more-detailed summary of existing subsurface conditions at the SPPD Property is provided in 
the RI/FS Report.   

In general, the thickness of the MMSW ranges from 10 feet or less on the fringe to over 20 feet 
in the central and south-central portion of the South Park Landfill.  At the SPPD Property, on 
average, the bottom of the MMSW was within about 11 feet of the former ground surface prior 
to recent re-development of the SPPD Property when approximately 5 feet of imported soil was 
placed upon the former ground surface.  The composition and texture of the MMSW encountered 
during subsurface investigations conducted at the South Park Landfill Site vary widely among 
locations.  Typical MMSW materials that have been observed include ash, plastic, glass, tires, 
other anthropogenic materials, and organic material.  Other materials such as wood, metal, brick, 
concrete, and other types of construction-related debris also were noted in some locations at the 
South Park Landfill Site, but are not necessarily related to disposal activities at the South Park 
Landfill.   

The soil cover layer placed on top of the MMSW across most of the SPPD Property portion of 
the South Park Landfill prior to SPPD Property re-development and initiation of the Interim 
Action reached up to 4 feet in thickness, but was absent in some areas of the SPPD Property, 
according to an assessment conducted by Associated Earth Sciences, Inc. (AESI), et al. (1999).  
In general, the cover material was composed of sand, silty sand, gravel, and silty gravel.  

 

The RI/FS Report describes a coarse-grained water-bearing alluvial channel deposit occurring in 
the Duwamish Valley which the RI/FS Report refers to as the Shallow Aquifer.  Three general 
water-bearing strata are described in the RI/FS Report for the South Park Landfill Site.   

• The shallowest water-bearing stratum at the South Park Landfill is referred to as the 
Perched Zone.  Groundwater in the Perched Zone is under unconfined conditions 
prevented from moving downward by an underlying silt over-bank flood deposit 
comprising a laterally-variable low-permeability aquitard.  This aquitard is laterally 
discontinuous in the Duwamish Valley but at the South Park Landfill is continuous 
except where penetrated during placement of MMSW at the Kenyon Industrial Park 
property and in areas along the west and east edges of the South Park Landfill.  
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MMSW at the Interim Action Area was placed above the silt over-bank flood deposits 
and within the Perched Zone.   

• Beneath the Perched Zone is a 20 to 50-foot-thick sequence of Shallow Aquifer sand 
and silty sand.  According to the RI/FS Report, groundwater levels in some areas 
below the silt over-bank flood deposits are influenced by changes in barometric 
pressure, indicative of confined aquifer conditions 

• Estuarine deposits comprised of silt and fine sand with shell fragments occur beneath 
the Shallow Aquifer as shallow as approximately sea level along the western edge of 
the SPPD Property and dip to the northeast toward the center of the Duwamish Valley, 
where they occur at much greater depths. 

The depth to groundwater at the South Park Landfill Site measured prior to the Interim Action 
varied by location, season, and screened interval, and has been measured from less than 
approximately 2 to over 15 feet below ground surface (bgs) in wells completed in either the 
Perched Zone and/or the Shallow Aquifer.  The RI/FS Report presents groundwater hydrograph 
data indicating seasonal fluctuations in groundwater levels of between 0.5 and 2.5 feet in the 
vicinity of the South Park Landfill. 

Regional groundwater flow in the Shallow Aquifer in the central portion of the Duwamish 
Valley generally moves from the higher elevations of the uplands (recharge area) to the lower 
elevations of the Duwamish Waterway (discharge area).  Groundwater flow in the Shallow 
Aquifer in the Interim Action Area is generally to the northeast.   

According to the RI/FS Report, there is a consistent downward vertical hydraulic gradient in the 
Perched Zone across the silt over-bank flood deposit aquitard.  However, a consistent vertical 
hydraulic gradient in the Shallow Aquifer is not apparent from water level elevation data and 
both slight upward and slight downward gradients have been measured.  

5.2 LANDFILL GAS GENERATION 

LFG is a complex mixture of gases consisting primarily of methane, carbon dioxide, and oxygen.  
Methane is the primary chemical of concern in LFG at the South Park Landfill because of its 
flammability and potentially explosive nature.  Methane was not detected in structures over the 
South Park Landfill, but is measurable within the landfill.  

LFG has been monitored periodically for approximately 25 years at the Kenyon Industrial Park 
property, the former City of Seattle South Recycling and Disposal Station (SSRDS), SPPD 
Property, and at the perimeter of the landfill.  Prior to 2006, King County installed 14 gas probes 
within the South Park Landfill and along its perimeter.  Additional gas probes were installed as 
part of the completion of the RI.  LFG monitoring at 22 gas probes, 5 monitoring wells, 2 bar 
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holes, 2 piezometers, and in buildings in the vicinity of the South Park Landfill was completed 
prior to the Interim Action as part of the RI with results documented in the RI/FS Report. 

Prior to the Interim Action, monitoring for LFG indicated that methane levels exceeded the LEL 
of 5 percent by volume at some of the gas probes at the South Park Landfill Site, and as high as 
about 85 percent.  Prior to the Interim Action, the highest methane concentration was measured 
in a gas probe at the Kenyon Industrial Park property, outside the South Park Landfill, and north 
of the Interim Action Area, and may be partially attributable to natural methane sources in 
addition to the South Park Landfill.  The Kenyon Industrial Park property is paved, potentially 
trapping methane produced by decomposing solid waste at the property.  Other areas where LFG 
monitoring indicated methane levels exceeding the LEL include locations in the central portion 
of the South Park Landfill on the SPPD Property and at SSRDS, and at locations on both sides of 
5th Avenue South, east of the SPPD Property. 

The RI/FS Report described five predictable stages in the evolution of municipal waste landfills 
such as the South Park Landfill.  During the early years (i.e., “Stage 1”) when the waste is fresh 
and still contains putrescible components (primarily food wastes and plant debris), methane is 
produced at a faster rate than a landfill can naturally vent to the atmosphere, and significant LFG 
pressure builds up within the landfill.  This pressure acts to push the LFG out of the landfill into 
surrounding areas.  As the landfill ages, the rate at which methane is produced falls sharply, and 
pressure buildup reduces.  Rather than pressure, diffusion and barometric pumping become 
primary mechanisms for LFG migration. 

The RI/FS Report indicated that ongoing LFG and groundwater monitoring confirms that the 
South Park Landfill is in late “Stage 4/early Stage 5,” depending on location.  Per the RI/FS 
Report, the South Park Landfill is still producing low levels of methane and remains anaerobic, 
but the rate of gas production is so low that there was no measureable pressure buildup.  The 
recent addition of about 5 feet of silty soil, and the construction of a cap at the SPPD Property 
may change this potential for pressure buildup.  

Farallon estimated the volume of MMSW within the Interim Action Area based on extent and 
thickness data documented by AESI (2000) and as documented in the South Park LFG 
Generation Estimate produced using U.S. Environmental Protection Agency LandGEM LFG 
Emissions Model version 3.02 (LandGEM) (Appendix B).  It was estimated that 372,000 cubic 
yards of MMSW are in place within the Interim Action Area.  Use of the LandGEM model 
requires conversion of the volume of MMSW to tons of MMSW.  A conversion factor of 0.55 
tons of MMSW per cubic yard of MMSW was selected based on Farallon engineering 
experience at other landfills with MMSW density at the time of placement, and also due to 
settlement and consolidation of the MMSW over the years since original MMSW placement.  
Applying that conversion factor yields 204,600 tons of MMSW within the Interim Action Area.  
Use of the LandGEM model also requires reducing the decomposable portion of the MMSW for 
the loss during the years when it was a “burning landfill.”  A conservative 20 percent “burning 
landfill” reduction in total decomposable MMSW was applied, yielding 163,700 tons of 
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decomposable MMSW.  It is expected that additional LFG will be collected during operation of 
the LFGCCS due to extracting LFG from the MMSW deposited on the adjacent portion of the 
SSRDS and the Kenyon Industrial Park property.  Adjacent property MMSW was assumed to 
contribute an additional 15 percent of MMSW, yielding a total of 188,200 tons of MMSW.  

Records indicate that MMSW was placed in the South Park Landfill from approximately 1938 
and throughout the 1950s.  According to the RI/FS Report, burning of MMSW ceased in 1961 
and the South Park Landfill was closed in 1966.  For the purposes of estimation of LFG 
generation, the small amount of MMSW deposited prior to 1950 has been considered of small 
tonnage and of negligible contribution to present and future LFG flow, especially because of its 
age.  A more-conservative approach that used total estimated tons being considered for estimated 
LFG generation was used for individual year MMSW deposits through the 1950s.  The 188,200 
tons of MMSW in-place has been time-distributed annually, with a 12 percent annual tonnage 
increase, yielding 3,198 tons deposited in 1950, increasing to 21,955 tons deposited in 1958.  
Inputting the tonnage distribution into the LandGEM model yields an estimated annual average 
LFG generation for LFGCCS collection of 15.3 standard cubic feet per minute (scfm) in 2014, 
decreasing continuously to 5.6 scfm in 2034.  In the LandGEM model, the potential generation 
capacity (Lo) used was the Clean Air Act Conventional of 170 cubic meters per milligram, and 
the methane generation rate (k) used was the Clean Air Act Conventional of 0.05 per year.  The 
resulting annual LFG generation estimates are presented in Appendix B. 

A design consideration for the LFGCCS is that methane can be released by sources other than 
MMSW.  Naturally occurring organic material that was covered with fill during development in 
the vicinity of the Interim Action Area can be generating methane gas.  Natural gas pipelines in 
the vicinity of the Interim Action Area can have leaks that release methane gas.  Overlapping 
areas of release may make it difficult to identify all sources of methane. 
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6.0 DESIGN ELEMENTS 

This section provides a description of the design elements of the LFGCCS, including LFG 
collectors, monitoring and control assemblies, connector piping, pipe mains, blowers, condensate 
sumps, control panels, and emissions management.  Specific design details and construction 
drawings are provided in Appendix A. 

6.1 LFG COLLECTORS 

Vertical LFG collectors will be the primary mode of LFG collection in the medium to deep 
portions of the landfill where MMSW is up to 20 feet thick and up to 20 feet deep and within 
what is referred to as the Perched Zone in Section 5.1, Subsurface Conditions, and above the silt 
over-bank flood deposit aquitard.  The vertical collectors were installed with a hollow-stem drill 
rig, in 10-inch-diameter boreholes.  The vertical collectors were extended to the bottom of the 
MMSW to depths between approximately 5 and 20 feet below the redeveloped SPPD Property 
ground surface.  A 6-inch-diameter high-density polyethylene (HDPE) casing was perforated 
from the well bottom to a point that is 50 percent of the distance from the ground surface to the 
water table, and was surrounded with highly permeable rock.  The unperforated casing was 
surrounded by bentonite seals.  Based on Farallon engineering experience designing and 
operating LFGCCSs at other landfills, the vertical collectors are estimated to have as much as a 
100-foot radius of influence in the deeper portions of the landfill (MMSW up to 20 feet deep), 
and a 60-foot radius of influence in the medium to shallow areas.  Positions of vertical LFG 
collectors were selected based on estimated radii of influence; data regarding the extent, depth, 
and thickness of MMSW within the Interim Action Area; proximity to property lines within the 
South Park Landfill; and redevelopment plans for the SPPD Property.  

Horizontal LFG collectors are used for three conditions where vertical collectors would not be as 
effective:  

• Where the MMSW depth is less than 6 feet;  

• At the top of steep slopes at the junction between asphaltic concrete cap and 
low-permeability membrane cap sections; 

• Under new buildings on the SPPD Landfill; and 

• Where more laterally continuous LFG control is desired (e.g., along 5th Avenue South). 

The horizontal collectors were constructed of 4-inch-diameter perforated HDPE surrounded with 
highly permeable rock.  Some areas of the landfill may require stronger horizontal collector 
vacuum applications for LFG control.  Other areas may produce high LFG flows at slight 
vacuums in horizontal collectors.  Segmented horizontal collector installation allows segment 
operation adjustments to match the LFG flow characteristics of the particular area served.  The 
horizontal collectors were installed in approximately 150-foot-long segments. 
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In addition to collecting LFG, it is anticipated that the LFGCCS may collect large volumes of air.  
There will be significant air short-circuiting through the various landfill cover materials, 
including the gravel in the landfill cap, and through soil and through the upper layers of MMSW.  
This air collection may be necessary to establish in-waste vacuums strong enough to collect the 
generated methane and prevent off-site migration and/or building intrusion.  It is anticipated that 
the total LFG-air mixture collected may be up to 15 times the LFG generation rate alone.  The 
horizontal collectors may be especially prone to collection of large volumes of air.  There is no 
practical method to seal subsurface soil to prevent air short-circuiting, which will be especially 
prevalent in areas peripheral to the Interim Action Area.  As the asphaltic concrete cap ages, 
settles, and cracks, and if not not properly maintained, air may start to short-circuit through cap 
systems over time. 

6.2 MONITORING AND CONTROL ASSEMBLIES 

Each LFG collector has an associated monitoring and control assembly (MCA) housed in an 18-
inch-minimum-diameter flush-mounted traffic-rated vault.  The MCA includes a 1-inch-diameter 
polyvinyl chloride pipe with a monitoring port to facilitate measurement of LFG velocity, 
methane, oxygen, carbon dioxide, vacuum, and temperature.  A 1-inch-diameter gate valve 
controls vacuum and flow to the collector.  To prevent accumulation of condensate at the control 
valve, the MCA is located at the high point in the connector, between the collector and the LFG 
main.    

The 1-inch-diameter pipe and valve have been selected because they will allow monitoring and 
control of LFG flow and vacuum at flows as low as 0.1 scfm.  At the upper anticipated flow of 
5.0 scfm per collector, the friction losses through the MCA are expected to be less than 1 inch 
water column (w.c.).  Even if an unexpected flow of 10 scfm was to occur, the friction losses 
would be less than 3 inches w.c., which is accommodated by the LFGCCS blower vacuum. 

The 1-inch-diameter pipe and valve are attached to reducer bushings to match the larger collector 
pipes and the 6-inch-diameter HDPE connectors.  The bushings are close-connected to the larger 
pipes with rubber connectors.  The MCA 1-inch-diameter pipe can be readily replaced with a 
larger or smaller pipe and valve, if desired, for exceptional flows or to enhance flow and vacuum 
control. 

An MCA at each collector enables considerable adjustment in applied vacuum and flow.  MCAs 
allow the vacuum and flow at each collector to be finely adjusted to optimize and balance 
LFGCCS operations during the Interim Action and to re-balance and coordinate operations in the 
event of future LFG control systems installed by others on adjacent properties. 

6.3 CONNECTOR PIPING 

The connector pipes between the collectors and the mains are 6-inch-diameter HDPE.  The 
friction loss in the connector piping is expected to be less than 0.1 inch w.c.  Six-inch-diameter 
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piping is the minimum acceptable to provide condensate drainage considering anticipated 
differential settlement of the MMSW and resulting pipe grade variations.  Connector piping 
design requires minimum 2 percent sloping for condensate to drain to condensate sumps. 

6.4 PIPE MAINS 

The LFG pipe mains are 8-inch-diameter HDPE.  The longest continuous length of LFG main is 
approximately 1,870 feet, with a calculated total friction loss of 1.03 inches w.c. summed from 
calculations for three sections: 

• Length 1:  500 feet closest to the blower; estimated flow:  260 scfm; calculated friction 
loss:  0.65 inch w. c. 

• Length 2:  900 feet; estimated flow:  130 scfm; calculated friction loss:  0.35 inch w.c. 

• Length 3:  470 feet farthest from the blower; estimated flow:  45 scfm; calculated friction 
loss:  0.03 inch w.c. 

Pipe main design requires minimum 2 percent sloping for condensate to drain to condensate 
sumps. 

6.5 BLOWERS 

The LFGCCS has two blowers, one running at a time, with the other for backup.  The 6-inch-
diameter HDPE blower piping array, fittings, and blower intake-discharge reducers will add 
about 3.6 inch w.c. friction losses to the system.  The blower is 10 horsepower and capable of a 
45-inch w.c. pressure rise at 270 scfm.  The blower vacuum intake likely will operate at 23 to 32 
inches w.c., which will supply 13 to 22 inches w.c. available as applied well vacuum, assuming 
about 10 inches w.c. of piping system friction losses.  The blower discharge likely will operate at 
7 inches w.c. pressure, which includes about 2 inches w.c. for friction losses, and about 5 inches 
w.c. back-pressure from a carbon filtration system and vent stack.  A New York model 2606A or 
similar will be capable of the above requirements, with additional capacity for higher flows or 
applied vacuum if determined necessary during start-up and operation.  Performance 
specifications for New York model 2606A at motor speeds of 3,500 and 3,150 revolutions per 
minute are provided in Appendix C. 

6.6 CONDENSATE SUMPS 

Operation of the LFGCCS results in generation of LFG condensate, which is collected in sumps 
and discharged to the sanitary sewer.  LFG condensate is mostly water that develops as a result 
of cooling in the LFG collection and piping system, but can contain concentrations of 
constituents occurring in MMSW disposed of at the South Park Landfill.  Condensate is captured 
in one of two condensate sumps, as shown in plan and in detail in Appendix A (drawings EN-3 
and EN-4).  One condensate sump is located just prior to the LFG blower in the northwestern 
portion of the SPPD Property; the other is installed at a low elevation area in the LFG pipe main 
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at the northeastern corner of the SPPD Property.  The condensate sumps consist of a 12-inch-
diameter HDPE moisture-separator knockout system in which condensate drops out of the LFG 
stream and gravity-drains into the sump collection points.  LFG condensate is pumped from the 
condensate sumps by pumps operated in alternating duplex operation.  The LFGCCS design 
assumes that approximately 20 gallons per day of condensate will be collected and discharged.  
The exact amount of condensate generated will be highly variable based on operating conditions. 

The condensate pumps are operated by a pump controller and condensate level control rods.  The 
condensate level control rods are used for pump off, lead pump on, lag pump on, and a high-level 
alarm.  The LFG condensate is pumped through a totalizing meter and eventually discharged to 
the sanitary sewer per discharge permit requirements.   

6.7 CONTROL PANELS 

The LFGCCS is operated with a main LFG blower and condensate sump pump control panel 
located at the main equipment compound in the vicinity of the LFG blowers situated on a fenced 
concrete pad on the northwestern portion of the SPPD Property.  A second remote condensate 
sump pump control panel is located at the northeastern corner of the SPPD Property proximate to 
the condensate sump.   

The main control panel includes a power disconnect switch that can shut off power to the control 
panel and operating equipment.  The main control panel has hand/off/auto switches for each of 
the two LFG blowers and for each pump in the main equipment compound condensate sump.  
An auto-dialer alarm callout system with a telephone line will dial out to a programmed operator 
telephone number(s) in the event of system alarms.  The auto-dialer will activate in the event of a 
blower shutdown, including a power outage or an overload condition, and for a high condensate 
level in either of the two condensate sumps.  The control panel includes green indicator light-
emitting diode (LED) lights for normal operating conditions, and red indicator LED lights for 
alarm conditions. 

The remote LFG condensate sump control panel at the northeastern corner of the Property 
includes a power disconnect switch that will shut off power to the panel and associated 
equipment.  The remote LFG condensate control panel includes a hand/off/auto switch for each 
LFG condensate sump pump, a normal operation green indicator LED light for the condensate 
sump pumps, and a red indicator LED light for high-condensate-level alarms.   

6.8 EMISSIONS MANAGEMENT 

The LFG-air mixture from the LFGCCS will contain a small percentage of methane, less than the 
LEL, and will not support combustion.  A LFG flare therefore cannot be used for discharge 
control.  The LFGCCS design allows for emissions treatment using pelletized activated carbon 
filters for removal of volatile organic compounds such as vinyl chloride, methylene chloride and 
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benzene, if present in hazardous concentrations and if determined necessary by PSCAA.  The 
pelletized activated carbon filters will not remove methane from the LFGCCS flow.   

If emissions treatment is required, it is anticipated that two 2,000-pound filters will be used in 
series.  The back-pressure is expected to be about 2.5 inches w.c. each at up to 300 scfm, for a 
total filter back-pressure of about 5 inches w.c. 

The LFG emissions will be piped to a 6-inch-diameter polyvinyl chloride vent stack that will 
extend at least 12 feet into the air.  The pipe will be stabilized with wire secured to anchors.  The 
top 1 foot of the vent pipe will have a 45-degree angle to the north, and the pipe tip will be cut 
vertically to keep rain out of the pipe as the flow velocity diminishes with time.  LFG emissions 
are expected to contain methane significantly less than the LEL and to not be flammable or 
explosive. 
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7.0 INSTITUTIONAL CONTROLS 

This section describes the institutional controls that will be implemented in the form of an 
environmental covenant for the Interim Action Area. 

Per the Interim Action Work Plan, institutional controls will be implemented in accordance with 
WAC 173-340-440 to limit or prohibit activities that may diminish the integrity of the Interim 
Action or potentially result in exposure to hazardous substances at the SPPD Property.  These 
institutional controls will include recording an environmental covenant on the property title 
restricting the use of groundwater in the Interim Action Area, requiring that the cap be 
maintained in the future, requiring mitigation measures to prohibit potential exposure to 
hazardous substances if the cap is damaged in the future, and stipulating procedures in the case 
that the landfill cap is penetrated either accidentally or as part of a future construction plan.   

It is anticipated that institutional controls will include requirements for repair of penetrations of 
on-site building slabs, the asphaltic concrete cap, and the low-permeability membrane cap, and 
requirements for repairs to LFGCCS components if a need for repair is identified during future 
maintenance or construction activity.  
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8.0 OPERATION AND MONITORING 

This section describes the operation and monitoring requirements following installation and 
start-up of the LFGCCS. 

LFGCCS design allowed for phased start-up as sectors of the system were constructed and the 
landfill cap was installed.  However, actual start-up of the LFGCCS occurred full-scale after 
construction of the LFGCCS and most of the landfill cap was completed.  Operation, 
maintenance, and monitoring procedures to be employed after system start-up and the system has 
been optimized and balanced will be detailed in an Operation, Maintenance, and Monitoring Plan 
(OMMP).  Key elements of the OMMP for the LFGCCs are summarized below. 

Operation of the LFGCCS entails achieving the general operational goals identified in Section 4, 
Operational Goal and Design Objectives.  The Interim Action Work Plan indicated the following 
supplemental operational objectives for safe operation of the LFGCCS: 

• Methane less than 1.25 percent (25 percent of the LEL) in Perimeter Probes1.  If methane 
exceeds the LEL, combustion of LFG is a risk, especially in areas having limited air 
circulation. 

• Residual nitrogen2 in LFG collectors less than 20 percent.  If residual nitrogen exceeds 
30 percent, combustion of buried solid waste is a risk. 

A Landtec Gem 2000 LFG monitoring instrument is used to measure standard monitoring 
parameters at MCAs during start-up and at the direction of the supervising Engineer, including 
methane, carbon dioxide, oxygen, barometric pressure, and static pressure in the system.  These 
standard monitoring parameters enable calculation of flow, water vapor, nitrogen, and residual 
nitrogen.  Other parameters that may be measured at the MCAs at direction of the supervising 
Engineer include carbon monoxide and a direct reading of flow. 

Optimal, safe, and steady-state operation will be achieved by adjusting vacuum flow valving at 
the blower for control to the whole system, and by adjusting valving at each of the MCAs.  
Interim Action activities, such as re-grading and placement of cap systems, or construction 

1 See Figure 2 for perimeter probes to be monitored for the LFGCCS. 
2 Residual nitrogen is calculated from measured concentrations of methane, oxygen, and carbon dioxide as follows:  

Concentrations of methane, oxygen, and carbon dioxide are summed. 
This sum is subtracted from 100 to obtain an estimate of total percent nitrogen concentration. 
The measured oxygen concentration is multiplied by 3.76 to estimate the amount of nitrogen associated with 
oxygen, and subtracted from the estimated total percent nitrogen concentration. 
The resulting percent concentration is considered “residual nitrogen.”  Increasing flow in a collection 
well/lateral will result in a reduction of methane levels, although residual nitrogen will increase.  Experience 
has shown that 20 percent residual nitrogen is a safe stable LFG control system operational parameter that will 
not start fires in buried solid waste.  If necessary to control migrating methane in a Perimeter Probe, residual 
nitrogen up to 30 percent can be managed with more-frequent monitoring. 
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activities on adjacent properties, including operation of other LFG-control systems, likely will 
have some effect on subsurface methane concentrations at the SPPD Property.  Monitoring at 
MCAs and the landfill perimeter probes will be performed to check for changes in methane 
concentrations and consideration of mitigation action by the supervising Engineer.  If perimeter 
probe methane concentrations rise, adjacent LFG collector flows may be increased to attempt to 
reduce the concentration of methane in those perimeter probes to less than the 25 percent of the 
LEL operational objective while also monitoring for residual nitrogen.  Effectiveness of the 
LFGCCS at reducing methane levels in perimeter probes off the SPPD Property will be 
evaluated as part of start-up testing. 

The Interim Action Work Plan describes protection monitoring, performance monitoring during 
the period of Interim Action construction, and confirmational monitoring after completion of 
Interim Action construction and start-up of the LFGCCS, and prior to preparation and 
implementation of a monitoring plan for the South Park Landfill Site as a whole.   

Operation of the LFGCCS will result in condensate being collected and discharged to the 
sanitary sewer, necessitating a King County Industrial Waste Discharge Authorization.  
Condensate discharge will be tested as required for the discharge authorization, and volumes will 
be measured and recorded. 

It is anticipated that a notice of construction permit from PSCAA may be required for the 
LFGCCS discharge, which will be monitored as required by PSCAA.  If volatile organic 
compounds in system emissions are found to exceed limits set by PSCAA, emissions will be 
treated using a granular activated carbon filtration system.  These filtration systems require 
periodic monitoring for breakthrough and to inform the system operator when the filtration 
system requires servicing. 

Periodic inspections and maintenance of the condensate pumps and LFG blowers will be made in 
accordance with manufacturer instructions.  Periodic inspections and maintenance of the asphalt 
concrete pavement and membrane cap to assess and maintain integrity also will be conducted, as 
breaches in the cap system have the potential to affect LFGCCS operations.   
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South Park LFG Generation Estimate 1950-1968 2/13/2015

REPORT - 12

Results (Continued)

(Mg/year) (m 3 /year) (av ft^3/min) (Mg/year) (m 3 /year) (av ft^3/min)
2051 3.280E+01 1.792E+04 1.204E+00 5.139E-01 1.434E+02 9.633E-03
2052 3.120E+01 1.705E+04 1.145E+00 4.888E-01 1.364E+02 9.163E-03
2053 2.968E+01 1.622E+04 1.089E+00 4.650E-01 1.297E+02 8.716E-03
2054 2.823E+01 1.542E+04 1.036E+00 4.423E-01 1.234E+02 8.291E-03
2055 2.686E+01 1.467E+04 9.858E-01 4.207E-01 1.174E+02 7.886E-03
2056 2.555E+01 1.396E+04 9.377E-01 4.002E-01 1.117E+02 7.502E-03
2057 2.430E+01 1.328E+04 8.920E-01 3.807E-01 1.062E+02 7.136E-03
2058 2.312E+01 1.263E+04 8.485E-01 3.621E-01 1.010E+02 6.788E-03
2059 2.199E+01 1.201E+04 8.071E-01 3.445E-01 9.610E+01 6.457E-03
2060 2.092E+01 1.143E+04 7.678E-01 3.277E-01 9.141E+01 6.142E-03
2061 1.990E+01 1.087E+04 7.303E-01 3.117E-01 8.695E+01 5.842E-03
2062 1.893E+01 1.034E+04 6.947E-01 2.965E-01 8.271E+01 5.558E-03
2063 1.800E+01 9.835E+03 6.608E-01 2.820E-01 7.868E+01 5.286E-03
2064 1.712E+01 9.355E+03 6.286E-01 2.683E-01 7.484E+01 5.029E-03
2065 1.629E+01 8.899E+03 5.979E-01 2.552E-01 7.119E+01 4.783E-03
2066 1.550E+01 8.465E+03 5.688E-01 2.427E-01 6.772E+01 4.550E-03
2067 1.474E+01 8.052E+03 5.410E-01 2.309E-01 6.442E+01 4.328E-03
2068 1.402E+01 7.659E+03 5.146E-01 2.196E-01 6.128E+01 4.117E-03
2069 1.334E+01 7.286E+03 4.895E-01 2.089E-01 5.829E+01 3.916E-03
2070 1.269E+01 6.931E+03 4.657E-01 1.987E-01 5.544E+01 3.725E-03
2071 1.207E+01 6.593E+03 4.430E-01 1.890E-01 5.274E+01 3.544E-03
2072 1.148E+01 6.271E+03 4.214E-01 1.798E-01 5.017E+01 3.371E-03
2073 1.092E+01 5.965E+03 4.008E-01 1.711E-01 4.772E+01 3.206E-03
2074 1.039E+01 5.674E+03 3.813E-01 1.627E-01 4.539E+01 3.050E-03
2075 9.880E+00 5.398E+03 3.627E-01 1.548E-01 4.318E+01 2.901E-03
2076 9.398E+00 5.134E+03 3.450E-01 1.472E-01 4.107E+01 2.760E-03
2077 8.940E+00 4.884E+03 3.281E-01 1.400E-01 3.907E+01 2.625E-03
2078 8.504E+00 4.646E+03 3.121E-01 1.332E-01 3.717E+01 2.497E-03
2079 8.089E+00 4.419E+03 2.969E-01 1.267E-01 3.535E+01 2.375E-03
2080 7.695E+00 4.204E+03 2.824E-01 1.205E-01 3.363E+01 2.260E-03
2081 7.319E+00 3.999E+03 2.687E-01 1.147E-01 3.199E+01 2.149E-03
2082 6.962E+00 3.804E+03 2.556E-01 1.091E-01 3.043E+01 2.044E-03
2083 6.623E+00 3.618E+03 2.431E-01 1.038E-01 2.894E+01 1.945E-03
2084 6.300E+00 3.442E+03 2.312E-01 9.869E-02 2.753E+01 1.850E-03
2085 5.993E+00 3.274E+03 2.200E-01 9.388E-02 2.619E+01 1.760E-03
2086 5.700E+00 3.114E+03 2.092E-01 8.930E-02 2.491E+01 1.674E-03
2087 5.422E+00 2.962E+03 1.990E-01 8.494E-02 2.370E+01 1.592E-03
2088 5.158E+00 2.818E+03 1.893E-01 8.080E-02 2.254E+01 1.515E-03
2089 4.906E+00 2.680E+03 1.801E-01 7.686E-02 2.144E+01 1.441E-03
2090 4.667E+00 2.550E+03 1.713E-01 7.311E-02 2.040E+01 1.370E-03

NMOCYear Carbon dioxide
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